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Innovations in biologging have offered new possibilities to better understand animals in
their natural environment. Biologgers can be used by researchers to measure the impact
of human disturbances on wildlife and guide conservation decisions. In this study, the
behavioral and physiological responses of brown bears (Ursus arctos) to hunts using
dogs (Canis lupus familiaris) and human encounters were assessed to better understand
the impact of human outdoor activities on brown bears. In Scandinavia, brown bear
hunting and the use of dogs during hunts is increasing in popularity. Nonetheless, not
every hunt leads to a killed bear. This means that for each bear that is shot, multiple bears
may be chased but not killed. In addition, bears can also be disturbed when encountering
non-hunting humans. Heart rates, body temperatures, GPS coordinates and dual-axis
activity data were collected from 52 simulated hunts (a simulated hunt using dogs with
the bear allowed to flee at the end) and 70 human encounters (humans intentionally
approaching the bear) that were carried out on 28 free-ranging female brown bears in
two study areas in Sweden. The results showed that: (1) simulated hunts had a greater
impact and induced a greater energy cost than human encounters; (2) the amount of
time bears rested the day after the simulated hunts increased linearly with the duration
of the simulated hunts, implying a lasting behavioral impact relative to the intensity of the
disturbance. Although not tested in this study, brown bears that are repeatedly disturbed
by dog hunts and human encounters may be unable to compensate the disturbances’
energy cost, and their fitness may, therefore, be altered. If it is the case, this effect should
be accounted for by managers.
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INTRODUCTION
Innovations in biologging have increasingly been used in the past few decades to better understand
animals in their natural environment (Wilmers et al., 2015). The use of biologgers can also allow
researchers to measure human disturbances and guide conservation decisions (Wilson et al.,
2015). Hunting practices raise ethical questions and have spurred research on the physiology and
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behavior of pursued animals (for example: foxes (Vulpes vulpes)
(Kreeger et al., 1989), pumas (Puma concolor) (Bryce et al.,
2017) or red deer (Cervus elaphus) (Jarnemo and Wikenros,
2014). Several variables may be used to measure how human
outdoor activities disturb wild animals and to determine if
the disturbances may incur extra energy costs. Longer traveled
distances (Rode et al., 2007), higher heart rates (Kreeger et al.,
1989; Ditmer et al., 2015) or higher body temperature (Evans
et al., 2016) have, for example, been considered as indicators of
disturbances that lead to extra energy costs. In addition, animals
may run to flee, with the higher speeds demanding more energy
(Pagano et al., 2018). They may also need to recover and rest after
a disturbance, preventing their compensation of the lost energy.
Brown bears (Ursus actos) have been a game species in Sweden
since 1943 (Swenson et al., 2017) with a hunting season starting
on August 21st and ending when the quotas set by the county
board are filled, or at the latest on October 15th. Family groups
(adult females with dependent cubs) are protected but there are
no age or sex specifications applied to the hunting quotas (Bischof
et al., 2008). In Sweden, legal hunting by humans represents the
primary cause of mortality for adult brown bears (Bischof et al.,
2017), with the most common hunting method being based on
the use of trained hunting dogs (Canis lupus familiaris) (Bischof
et al., 2008). Dogs are released to pursue the bears with the
hunters following and attempting to shoot the bear (hereafter
dog hunts). Bear hunting is increasing in popularity with the
number of hunters specialized in bear hunting rising (Swenson
et al., 2017). There are no statistics known for Sweden, but
when hunting black bears (Ursus americanus) in a similar way
in Virginia (USA), the recorded success is generally low [20%,
Vaughan and Inman (2002)]. This means that for each bear that
is shot, multiple bears may be chased but not killed.
Hunting is not the only human outdoor activity that affects
bears in Sweden. Bears flee when encountered by humans (Moen
et al., 2012) and change their movement patterns for at least 2
days following the event (Ordiz et al., 2013b). In areas with higher
road densities, bears adopt movement patterns that are more
nocturnal and less diurnal, to avoid human activity (Ordiz et al.,
2014). Bears avoid denning near roads (Elfström et al., 2008)
and select more concealed denning sites near humans (Sahlén
et al., 2011). Brown bears have a general anti-predator behavior
toward humans. A behavior that is not only affected by hunting
activities, but also by the year-round presence of humans. It is
therefore important to understand the impacts of both dog hunts
and human encounters on brown bears.
To better understand how human outdoor activities influence
brown bears in Scandinavia, simulated hunts using dogs with
the bear allowed to flee at the end (hereafter simulated hunts)
and human encounters (humans intentionally approaching the
bear) were conducted on GPS-collared female brown bears. For
each experiment, five variables were measured: (1) the distance
traveled by the bears, (2) their speed, (3) their heart rate, (4)
their body temperature, and (5) their resting behavior. This was
done within three different time periods: (1) during a control
period (3 days prior to an experiment), (2) during the day
of the experiment and (3) during the 2 days following the
experiment. The following hypotheses were tested by comparing
the five variables at the different time periods: [H1] Dog
hunts and human encounters are a source of physiological and
behavioral disturbance for brown bears. [H2] The physiological
and behavioral impacts of dog hunts on brown bears are greater
than the impact of human encounters. [H3] Dog hunts that last
longer in time have greater physiological and behavioral impacts
on brown bears. [H4] Dog hunts and human encounters have
lasting physiological and behavioral effects on brown bears.
MATERIALS AND METHODS
Study Area
In Sweden, brown bears are distributed into three main
populations (Norman, 2016). This study was carried out from
2014 to 2016 in two different areas covering the southernmost
and northernmost bear subpopulations (61.50◦N; 15.06◦E &
66.76◦N; 21.02◦E). In both areas, the landscape is hilly and
mostly covered by managed productive forest, mainly composed
of Scots pine (Pinus sylvestris), Norway spruce (Picea abies) and
birch (Betula spp.).
Data Collection
Human encounters and simulated hunts were conducted on
28 free-ranging female brown bears. The bears were equipped
with a VHF transmitter implant (M1255B, Advanced Telemetry
Systems, Isanti, USA); a GPS-Plus collar with GSM modems
or Iridium modems with an included VHF transmitter and
a dual-axis motion sensor (Vectronic Aerospace GmBh,
Berlin, Germany); cardiac biologgers (Reveal XT, Medtronic,
Minneapolis, USA) implemented with modified software
(BearWare, Medtronic, Minneapolis, USA); and temperature
biologgers (DST Centi-T, Star-Oddi, Gardabaer, Iceland). The
biologgers were surgically implanted in the bears with the
cardiac biologgers subcutaneous to the left of the sternum and
the temperature biologgers in the abdomen of the bear (Arnemo
and Evans, 2017). The cardiac biologgers continuously recorded
the bears’ inter-beat intervals (R-R, in milli seconds), based on
electrocardiogram (ECG) measurements. Every 2min the mean
R-R interval was converted into a heart rate in beats per minute
(bpm). The body temperatures of the bears were measured every
4min with an accuracy of ± 0.01◦C. The activity of the bear was
measured as the true acceleration in two orthogonal directions
at a frequency of six to eight times per second. The average of
the activity values over 5min for each orthogonal direction was
then recorded in the GPS collar with its associated date and
time (Friebe et al., 2014).
GPS coordinates of the bears were recorded by default every
30min or every hour. During the human encounters and the
simulated hunts, a GPS location was recorded every minute
for 3 or 4 h. During some of the simulated hunts, the dogs
were equipped with Ultra High Frequency (UHF) transmitters
(Vectronic Aerospace GmbH, Berlin, Germany) that emitted a
signal every second, triggering the recording of GPS coordinates
every 70 s in the bears’ GPS collars at≤ 500m. The GPS collars on
the brown bears scanned for UHF signals for 1.5 s every 8 s, and
the recording ended automatically 60min after the last detection
of a dog collar. Humans (hereafter observers) were equipped with
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hand-held Garmin GPSMAP 60CSx or Astro 320 and the dogs
were equipped with T 5 or DC40 Dog Devices, with all types of
equipment being set to record a GPS coordinate every second
(Garmin Ltd., Olathe, USA).
For more details on how the bears were captured and
immobilized, please refer to Arnemo and Evans (2017). All
captures were approved by the Swedish Ethical Committee
on Animal Research (application numbers C7/12 and C18/15)
and the Swedish Environmental Protection Agency (application
numbers NV-00741-18 and NV-01758-14).
Experimental Design
Following the same methods presented by Moen et al. (2012), the
human encounters were started between 8:30 and 14:30 local time
(GMT+2). The observers walked toward the bear, intending to
pass the bear at an approximate distance of 50m, whilst talking to
each other or to themselves if alone, simulating hikers. When the
bear had been passed or when the bear ran away, they returned
to the car and made sure not to encounter the bear a second time.
The 70 human encounters were carried out in 2014 (1st June−7th
August; n = 17), in 2015 (8th June−28th July; n = 24) and in
2016 (2nd June−20th August; n = 29). The minimum distance
recorded between the observers and the bear was on average 55
± 27m (median 51m, minimum 18m, maximum 137m; n =
70). In total, 25 female bears were used, with five subadults, 16
adults and four that were used when they were both subadults
and adults.
Simulated hunts were started between 8:00 and 17:00. The
observers with hunting dogs kept on a leash walked toward the
bear until a dog showed interest in the scent of the bear, either
in the wind or from its tracks, before the dogs were released
and allowed to pursue the bear (Figure 1). The simulated hunt
was stopped when the dogs came back to the observers or by
the observers calling in or intercepting the path of the dogs.
The simulated hunts were intended to last about 2 h but ended
both earlier and later due to practicalities. During the same
simulated hunt, one to six different dogs were used. However,
only a maximum of two dogs were let loose simultaneously to
hunt the bear. Bears were considered to be disturbed by both
types of experiments if the minimum distance recorded between
the bear and the observers or dogs at any time was < 200 m.
The 52 simulated hunts were carried out in 2014 (9th
August−15th August; n = 4), in 2015 (11th June−2nd October;
n = 19) and in 2016 (18th June−7th October; n = 29). The
minimum distance recorded between the observers and / or
the dogs and the bear was on average 20 ± 34m (median
5m, minimum 0m, maximum 168m; n = 52). The duration
of a simulated hunt was defined as the time between when the
observers and dogs started heading from the car toward the bear
until when they were back at the car. Simulated hunts lasted
on average 229 ± 104min (median 198min, minimum 67min,
maximum 508min; n = 52). In total, 17 female bears were used,
with two subadults, 14 adults and one that was used when it was
both a subadult and an adult.
Some bears were used in multiple human encounters and / or
simulated hunts during the same year. No research activities that
could have affected the bears were carried out for at least 5 days
before and 2 days after the experiments.
Data Processing and Statistical Analyses
All the data analyses and data processing were carried out using
the statistical programming language and environment, R 3.4.2
(R Core Team, 2017). All data (GPS, activity, heart rate and
body temperature) was stored in the WRAM database (Wireless
Remote Animal Monitoring, Dettki et al., 2014).
Response Variables
The distance traveled by the bear was measured as the variable
TRAVEL, which is the sum of all hourly displacements for
each day. In this way, days with GPS coordinates taken with
a different frequency were directly comparable. The distances
(shortest distance between two points on the WGS84 ellipsoid)
between the hourly positions were measured using the distGeo
function from the geosphere package, version 1.5-7 (Hijmans,
2017). The maximum speed of the bear was measured as the
variable MAXSPEED, which is the highest speed recorded of the
day based on all hourly displacements within the 24 h. The heart
rate of the bear was measured as the variable HEARTRATE30,
which is the highest value measured by a rolling mean ran over
all the measured heart rates of the day, with a window of 30min
and a constant forward shift of 2min. When processing the heart
rate data, a constant mismatch between the heart rate and the
corresponding time was observed for some bears. The mismatch
was corrected through using the correlation between the activity
of the bear and its heart rate. Heart rate data was not used in
the analysis if the activity data was not available or if the method
led to a suggested time shift that was not consistent throughout
the data. The body temperature of the bear was measured as
the variable TbAREA, which is the area under the curve of the
measured body temperature values and above the median body
temperature of the bear over a 24-h period. The median body
temperature was based on data from 1st June to 30th September
for each bear-year. Days when the bears were involved in research
activities (human encounters, simulated hunts or captures) were
not included in this data set. The area was calculated using a
trapezoidal approximation (all points are connected by a direct
line forming multiple trapezoids) using the AUC function from
the DescTools package, version 0.99.23 (Signorell, 2017). The
resting behavior of the bear was measured as the variable REST,
which is the amount of time the bear was resting in minutes
during a day. The two values for each orthogonal, measured by
the dual-axis motion sensor, were summed resulting in a variable
ranging from 0 to 510. A value lower than 23 was considered
resting behavior (Gervasi et al., 2006).
Explanatory Variables
Human encounters and simulated hunts were considered as two
different treatments in a binary variable, hereafter named TYPE.
The variable PERIOD consisted of four unique levels. The 1st
level represents the control period defined as the mean values
recorded during the 3 days prior to the human encounter day
or simulated hunt day. The 2nd level represents the day of the
experiment. The 3rd and 4th levels represent the following and
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FIGURE 1 | While being hunted, a brown bear can run in order to escape hunting dog(s) and sometimes end up lying on the ground with the dog(s) barking and
running around it (baying). When the dog(s) is/are baying the bear, the hunter is typically sneaking in and shooting the bear. (A) Plott hound pursuing a bear during a
simulated hunt. The dog is equipped with a collar (DC40 Dog Device) used to collect GPS coordinates, as well as a dog harness equipped with a UHF transmitter that
triggers the recording of coordinates every 70 s in the GPS-Plus collar fitted on the bear. (B) Elkhound baying a bear during a simulated hunt. The same equipment as
in (A) is illustrated. Scientific Illustration by Juliana D. Spahr, SciVisuals.com (reproduced with permission).
second day after the experiment, respectively. The age of the bears
was considered in the binary variable AGE with subadult bears<
4 years old. The duration of the simulated hunts was also used as
an explanatory variable.
Model Construction
Linear mixed effect models (LME) were fitted using TRAVEL,
MAXSPEED, HEARTRATE30, TbAREA and REST as response
variables, and TYPE, PERIOD, AGE and the interactions as
explanatory variables. The experiments’ ID nested in the bears’
ID were added as random factors. The normality of the
residuals was improved by a square root transformation of
the response in the TRAVEL, MAXSPEED, HEARTRATE30
and the TbAREA models. The models were created using the
lmer function from the lme4 package, version 1.1-14 (Bates
et al., 2014) and fitted using the restricted maximum likelihood
(REML) method, as the models were composed of small sample
sizes. The final model was obtained by following the backward
selection method. The significance of the variables and the
interaction were computed using the Anova function from
the car package, version 2.1-6 (Fox and Weisberg, 2011), with
the type-III method. A pairwise analysis of the estimated
marginal means (EMMs) was then performed to interpret the
final models using the emmeans package, version 1.1. (Lenth,
2018). This method was used as the models had an unbalanced
number of human encounters and simulated hunts (Table 1).
The EMMs were based on a 0.95 confidence level with the
Tukey correction method. Some of the 70 human encounters
and 52 simulated hunts did not have data for all the response
variables. For this reason, n varied between the different LME
models (Table 1).
When only considering the simulated hunts data, the variables
TRAVEL, MAXSPEED, HEARTRATE30, TbAREA, and REST
were used as response variables in LMEmodels, with the duration
of the simulated hunts, the variable AGE and the interaction as
explanatory variables. In these models, the variables TRAVEL,
MAXSPEED and TbAREA were square root transformed to
improve the normality of the residuals. The models were
created following the same method as the method presented
for the previous LME models but were created using the lme
function from the nlme package, version 3.1-131 (Pinheiro et al.,
2017). The model included the ID of the bears as a random
factor, as some simulated hunts were carried out on the same
bears (Table 1).
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TABLE 1 | Number of human encounters and simulated hunts with complete data
sets.
Variable: N human encounters N simulated hunts
(N bears: Subadult,
Adult, Both)
(N bears: Subadult,
Adult, Both)
TRAVEL 70 (5, 16, 4) 50 (2, 13, 1)
MAXSPEED 70 (5, 16, 4) 50 (2, 13, 1)
HEARTRATE30 21 (1, 8, 0) 26 (2, 9, 0)
TbAREA 35 (5, 9, 2) 35 (3, 10, 0)
REST 60 (4, 15, 4) 46 (2, 13, 1)
The number of bears that were used when being subadult, adult or both are also indicated
in brackets.
In the models HEARTRATE30 and REST with PERIOD,
TYPE, AGE and the interactions as explanatory variables, the
variable AGE and the corresponding interactions were not
kept in the models after using the backward selection method.
However, the interaction between PERIOD and TYPE was
significant (all P < 0.0001). Both the PERIOD and TYPE
variables were thus used in the pairwise analysis of the EMMs. In
the models TRAVEL, MAXSPEED, and TbAREA, the variables
AGE, PERIOD and TYPE were kept in the models after using the
backward selection method. All three explanatory variables were
therefore used in the pairwise analysis of the EMMs.
RESULTS
The distances traveled by both adult and subadult bears were
longer during the day of the simulated hunts than during
the corresponding control periods (post hoc test: estimated
difference: both adult and subadult: 755 ± 15m, P < 0.0001,
both 10% longer, range measured difference: Adult:−3 to 22 km,
Subadult: −1 to 12 km) and longer than during the day of the
human encounters (post hoc test: estimated difference both adult
and subadult: = 527 ± 22m, P < 0.0001, Adult: 3 %, Subadult:
4% longer). Adult and subadult bears did not travel longer
distances on the day of the human encounters than during the
corresponding control periods (both P = 0.13).
Both adult and subadult bears ran faster during the day of the
simulated hunts than during the corresponding control periods
(post hoc test: estimated difference: Adult: 679 ± 61m h−1, P <
0.0001, 31% faster, range measured difference: −280 to 6360m
h−1, Subadult: 455 ± 94m h−1, P = 0.0002, 17% faster, range
measured difference:−680 to 3580m h−1) and ran faster than
during the day of the human encounters (post hoc test: estimated
difference: both: 450 ± 62m h−1, P < 0.0001, Adult 10 % faster,
Subadult: 16 % faster). Adult bears also ran faster the day of
the human encounters than during the corresponding control
periods (post hoc test: estimated difference: Adult: 216 ± 53m
h−1, P = 0.005, 3% faster, range measured difference: −1470
−8850m h−1). Subadults, however, did not run faster on the day
of the human encounters than during the corresponding control
periods (P > 0.90).
The maximum heart rates were higher during the day of the
simulated hunts than during the corresponding control periods
(post hoc test: estimated difference = 7 ± 0.06 bpm, P <
0.0001, 7% higher, range measured difference: 4–106 bpm) and
higher than during the day of the human encounters (post hoc
test: estimated difference = 3 ± 0.12 bpm, P < 0.0001, 3%
higher). Bears did not have a different maximum heart rate the
day of the human encounters than during the corresponding
control periods (P = 0.18, maximum measured difference:
−50–106 bpm).
The body temperature areas of the adult bears were greater
during the day of the simulated hunts than during the
corresponding control periods (post hoc test: estimated difference
= 1553 ± 59 TbAREA, P < 0.0001, 12% greater) but not
for subadult bears (P = 0.15). The body temperature areas of
the bears were not greater during the day of the simulated
hunts than during the day of the human encounters (Adult: P
= 0.64, Subadult: P = 0.57). The body temperature areas of
both adult and subadult bears were not different on the day of
the human encounters compared to during the corresponding
control periods (both P > 0.90).
The day after the simulated hunts, bears rested more
than during the corresponding control periods (post hoc test:
estimated difference = 68 ± 19min, P = 0.008, 1% more,
range measured difference: −4 h 15 min−5 h 15min) but not
more than during the day after the human encounters (P =
0.62). The day after the human encounters, bears did not rest
more than during the corresponding control periods (P > 0.90).
The amount of time bears rested the day after the simulated
hunts increased linearly with the duration of the simulated hunts
(Figure 2). Bears did not rest less during the day of the human
encounters or the simulated hunts than during the corresponding
control periods (both P > 0.90). Bears did not rest less during
the day of the simulated hunts than the day of the human
encounters (P = 0.18).
There was no difference between the control periods of the
human encounters and the control periods of the simulated hunts
(adults or subadults) for the distance traveled, the maximum
speed, the maximum heart rate, the body temperature area
or how long the bear rested (Table 2, all P > 0.13). There
was no difference between the first and second days following
the human encounters or the simulated hunts, compared to
the corresponding control periods, for the distance traveled,
the maximum speed, the maximum heart rate or the body
temperature areas of the bears (all P > 0.09). The duration of the
simulated hunts had no effect on the distance traveled, maximum
speed, maximum heart rate, body temperature area or how long
the bear rested the day of the simulated hunt (all P > 0.15).
DISCUSSION
During human encounters, adult bears ran faster than during
the corresponding control periods, but did not have higher heart
rates, higher body temperatures or travel longer distances. There
were no significant differences between the day of the human
encounters and the corresponding control periods in any of these
variables for subadults. These results provide support for the
hypothesis that human encounters are a behavioral disturbance
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FIGURE 2 | The day after the simulated hunts, female bears rested more if the simulated hunts were longer (P = 0.0114). The 46 simulated hunts are represented by
the black dots with the regression line, as well as the lower and upper 95% confidence interval. The model REST ∼ Duration of the simulated hunt*AGE was fitted with
the Bear ID as a random factor. The variable AGE was not kept after using the backward selection method (Interaction: P = 0.34, AGE: P = 0.29).
TABLE 2 | Estimated marginal means (EMM) for the control periods of the human
encounters and the control periods of the simulated hunts.
Control Period EMM Human Encounters EMM Simulated Hunts
Subadult Adult Subadult Adult
TRAVEL (m) 5836 ± 26 7945 ± 13 5744 ± 33 7838 ± 17
MAXSPEED (mh−1) 1115 ± 77 1231 ± 48 1101 ± 85 1217 ± 55
HEARTRATE30 (bpm) 109 ± 0.07 104 ± 0.06
TbAREA 9165 ± 132 13358 ± 60 8899 ± 167 10271 ± 63
REST (h :min±min) 10:49 ± 20 10:10 ± 22
No differences between the control period values were found when carrying out all the
possible pairwise comparisons (HumanAdult-HumanSubadult, HumanAdult-HuntAdult,
HumanAdult-HuntSubadult, HumanSubadult-HuntSubadult, HuntAdult-HuntSubadult,
HuntAdult-HumanSubadult; all P > 0.13).
for brown bears [H1] but do not support the hypothesis
that human encounters are a physiological disturbance for
brown bears.
Contrary to human encounters, simulated hunts led to a clear
disturbance with longer traveled distances, higher speeds and
higher heart rates than during the corresponding control periods
or the human encounters. Adult female bears also had greater
body temperatures compared with the control periods. These
results support the hypothesis that dog hunts represent both a
behavioral and physiological disturbance [H1]. The results also
support the hypothesis that dog hunts have a greater impact on
brown bears than human encounters [H2].
During simulated hunts, bears were pursued by dogs and may
have been forced to flee in a more dramatic way than when
moving away from encountered humans, which is most likely
the reason why simulated hunts had a greater impact. Simulated
hunts were also characterized by smaller minimum distances
as dogs were able to come closer to the bears than observers
were during the human encounters. Because running faster can
be associated with higher energy costs (Pagano et al., 2018),
human encounters and dog hunts can be considered a direct
energy cost for adult female brown bears, with dog hunts having
the highest impact. Simulated hunts also led to longer traveled
distances, higher heart rates and, for adult females, greater body
temperature areas, giving further support to the idea that dog
hunts represent an important energy cost. The fact that bears use
more energy while running than other quadrupedal mammals
(Pagano et al., 2018) suggests that human encounters and dog
hunts may represent relatively large energy costs in bears.
If an adult female bear is frequently disturbed by human
encounters and dog hunts, its body condition may be affected
by the energy cost of these disturbances. Females do not always
reach their energetic needs, e.g., poor berry seasons affect the
reproductive success of lightweight female bears in Sweden
(Hertel et al., 2018). Adult females give birth during the denning
period and depend on their fat reserves for the gestation and
lactation of their cubs (Robbins et al., 2012; Lopez-Alfaro et al.,
2013). Even if observed mating, captive adult female brown bears
having a body fat content lower than 20% do not give birth
(Robbins et al., 2012). Lopez-Alfaro et al. (2013), using an energy
consumption model, estimated that with a body fat content
below 19%, a female would not be able to reproduce during a
hibernation period that lasts over 120 days. In Sweden, adult
females spend on average 181 days in winter dens (Friebe et al.,
2001). Energy costs due to human encounters and dog hunts
may thus affect the body condition of adult female bears and
ultimately affect their fitness by altering the reproductive success.
Higgins (1997) compared the body condition of 13 adult
female black bears from non-hunted populations with 20 adult
female black bears from a hunted population and found an
indication that black bears from the hunted population may be
lighter and in worse physical condition (P = 0.09). However,
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Massopust and Anderson (1984) carried out eight dog hunts
on five black bears with a maximum of two dog hunts per
individual and observed no injuries or abnormal weights on
the bears when captured at their den. It is possible that more
than two dog hunts are needed to affect the weight of the
bears. Tourism (bear viewing), experimentally simulated for one
summer in an undisturbed bear area in Alaska, did not lead
to losses in weights, nor any changes in body condition (Rode
et al., 2007). However, the studied bear population could feed
on salmon (Oncorhynchus kisutch and Oncorhynchus nerk), a
more nutrient-rich alimentation than the berries eaten by the
Scandinavian brown bears (Welch et al., 1997), giving the bears a
better opportunity to maintain their body condition.
Human encounters and dog hunts do not seem to have a
profound lasting impact on bears, because there was no difference
in distances traveled, maximum speeds, maximum heart rates,
and body temperature areas between the control periods and the
2 days after the experiments. This may seem surprising as brown
bears change their movement patterns for at least 2 days after
human encounters (Ordiz et al., 2013b). Our study was based on
hourly displacements and may underestimate the real movement
pattern of the bears and thus the behavioral disturbance. The
effects found in our study may also have been underestimated,
because the bears could have been disturbed during the control
periods, making the differences smaller between the experimental
days and the control periods. All the human encounters in
the project were conducted in the summer and many during
the berry picking season, making it likely that the bears also
encountered other humans during the control periods. Simulated
hunts were not carried out during the bear hunting season, but a
few simulated hunts were conducted during the moose hunting
season. Dogs used for hunting moose (Alces alces) may also chase
bears (Bischof et al., 2008).
Bears rested more the day after a simulated hunt compared
with the control period and if the simulated hunt was longer.
These results support the hypothesis that longer dog hunts
may have a greater impact [H3], and that dog hunts may have
a lasting behavioral effect on brown bears [H4]. The longer
rest after simulated hunts suggests that bears may be fatigued
by dog hunts. Longer dog hunts on deer (Cervus elaphus)
increased the disturbance impact and were associated with a
higher concentration in enzymes related to muscle breakdown
(Bateson and Bradshaw, 1997). Deer that are shot after a
long hunt present physiological signs of extreme exhaustion
(Bateson and Bradshaw, 1997). Bears may suffer from similar
physiological impacts, and may have to increase their rest to
recover from it. Bateson and Bradshaw (1997) concluded that red
deer were not well-adapted to fleeing dogs. Bears may be even
less adapted to dog hunts than red deer as they are energetically
less efficient when running compared to other quadrupedal
mammals (Pagano et al., 2018). After prolonged exercise, extra
energy consumption can be measured during the recovery time
(Børsheim and Bahr, 2003). This may also represent an extra
post-disturbance energy cost.
Brown bear hunting in Sweden has known impacts beyond the
initial offtake of direct mortality, such as altering life history traits
(Bischof et al., 2017; Frank et al., 2017) or inducing an increase in
sexually-selected infanticide through an increased male turnover
(Swenson et al., 1997). Furthermore, adult bears that would
naturally face low mortality rates (Bischof and Zedrosser, 2009;
Bischof et al., 2009, 2017) adopt antipredator behaviors in
response to human hunting pressure (Ordiz et al., 2013a). For
example, when the hunting season starts, bears decrease their
foraging activity during the time of the day with the highest
risk of being shot, forcing them to forage less efficiently and
in areas with poorer berry quality (Hertel et al., 2016). This
antipredator behavior, combined with the direct energy costs of
human encounters and dog hunts may lead to a lower fitness
if it prevents adult females from reaching the required body
condition threshold for successful breeding.
CONCLUSION
Dog hunts represent a greater physiological and behavioral
source of disturbance for female brown bears than human
encounters. Adult female bears were behaviorally disturbed by
human encounters but did not travel longer distances or have
different heart rates and body temperatures. Simulated hunts
had lasting behavioral effects on bears by inducing longer
resting periods the day following the actual experiment. Longer
resting periods found after longer simulated hunts suggested
that the impact of dog hunts increases with their duration. By
representing an energy cost, human encounters and dog hunts
could lower the fitness of adult female bears if experienced
frequently. Further research is needed to assess if bears that are
repeatedly disturbed by dog hunts and human encounters are
unable to compensate the disturbances’ energy cost and if this
affects their fitness. Nonetheless, if it is the case, this effect should
be accounted for by managers. Human encounters have a lower
impact than dog hunts on the bears but are not restricted in time
like dog hunts. Thus, they may have a lower impact per se but
may still have an important impact due to their higher frequency.
Distance traveled, speeds, hearts rates, body temperature and
resting behavior are universal variables that can be used on
other animals to assess the impact of human activities. Looking
at behavioral and physiological variables within the same study
helps to have a better understanding of the disturbance.
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